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(54) Cast alumirtium alloy and components produced thereof 

(57) Alloy and cast alloy product ideally suited for 
use as a component In a vehicle frame or sut>frame, i.e. 
body-in-whfte. corrprising an alloy consisting of about 
2.5 to 6.5 wt.% magnesium, less than approximately 0.5 
wt.% sOicon. appropdmately 0.5 to 1 .4 wt.% manganese, 
less thEm approximately 0.5wt.% iron, less than approx- 
imately 0.15 wt% titanium, the balance substantiaOy 
aluminum and ina'dental elements and impurities. The 
aluminunrVmagnesium alloy is typically solidified into 
ingot derived working stock by continuoi^ casting or 
senru-continuous cashing into a shape suitable for 
remelt for casting, which shape is typically an Ingot bil- 
let. Excellent mechanical properties are obtained from a 
cast product that Is not subjected to heal treating oper- 
ations subsequent to casting. 
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Description 



im invention oonceme aluminum casting alloys. Principalty; the invention is an improved aluminumAnagnesium 
casting alloy and a method of producing inproved aluminumAnagnesium aBoy products ty means of casting opera- 



It is known to manufacture a vehicle frame by providing separate sut>a6semblies, each subassembly being com- 
posed of several separate components. Each sut^ssembly is manufactured by joining together several tube-type mem- 
beiB with tube and socket Joint or by meane of a node structure that can be a cast component A cast node can be 
formed from a single cast member or two or more cast members that are joined to form a noda A node typically con- 
10 sists of a structure with one or more connection points, ag., arms or sockets, to which, for example, a cast, extruded, 
or sheet member can be connected by various joining techniques, such as by means of weld, adhesives, or mechanical 
devices. The frames and subframes can be assembled by adhesive or other bonding or by combinations of these and 
other joining techniques. An example of such a vehteie frame structure is avaaable In United States Patent Na 
4,618.163. entitled 'Automotive Chassis* the contents of whteh are incorporated herein by referenca me sb'uctuial 
IS configuration fbr a vehicle frame is often refened to as a 'space frame * Aluminum is a highly desirable metal for such 
vehicle frame constructions because of its fight weight compared to a typical steel oonponent and aluminum's energy 
absorption properties. Aluminum alloys also inprove the vehidels frame stiffness. More importantly, an aluminum veht* 
de frame demonstrates the strength and crash worthiness typlcaBy associated with much heavier, conventional steel 
frame vehicle designs. The lightweight aluminum vehicle frame also provides numerous environmental benefits and 
20 efficiencies through reduced fuel consumption and the opportunity ultimately to recycle the aluminum frame when the 
useful Bfe of the vehicle is spent. 

Conventional aluminunVhiagnesium castirig all<^ have many attractive properties* such as high ultimate tensile 
strength (>40ksi) and elongalion (>8%) with moderate yiekf strength (>16KsO. However, in the preparatibn of compo- 
nent parts fbr automotive frame assemblies, sub assemblies, and components^ it is desirabde to have component parts 
25 characterized by higher elongations, white maintaining acceptable sfrength. stress-corrosion resistance^ and other 
properties bmportant to vehicle "space frame' appGcat'ons. Prior to the Instant invention, existing alun^num/hiagnesium 
alloys tailed to exhibit the desfred property requirements. 

Current practice on the manufacture of automotive cornponents used ffi a 'space frame" structure as cfisdosed in 
the aforemerrtioned U.S. Patent Na 4.618.163 includes using aluminLfln/silicon casting alloys. One example of such an 
30 aluminum/sOicon casting alloy is disclosed in U.a Patent Na 5^250,125. entitled "Process for Grain Refinement of Alu- 
minum Casting Alloys, in Particuter Aluminum/Silicon Casting Alloys" to Koch et al., the contents of which are incorpo- 
rated herein by reference as if fully set forth. By way of an additional example, the assignee of the instant invention has 
previously disclosed in ua Patent Na 5,076,344 entitled "Die Casting Process and Equipment," a casting altay capa- 
t)le of meeting the requfrements of the space frame cast nodes wittKXit the economic liability of expensive constituents. 
35 The use of aluminum/SsOioon alloys requires the post casting solution heat freatment quenching, and aging of the cast 
oonponem in order for the component to exhibit the desired mechanical properties. Unfortunately, solution heat treat- 
ment and quenching can often cause some degree of distortion to the cast component and the reworking of the cast 
oonponent to conect heat treatment distortion is a time and labor intensive activity Notwithstanding such effbrts to 
develop ailoys that offer the desired properties and characteristics, there remains a need for alloys that are cost effec- 
40 tive an6 tl^t are much less sensitive to heat treatment subsequent to the casting operation while meeting all of the prop- 
erty requirements described above. 

It is an object of this invention to provide an aluminum/magnesium alloy ideaDy suited for use In shape casting oper- 
ations. 

It is another object of the invention to provide an aluminum/magnesium alk^ product characterized by the elimina- 
45 tion of solution heat treatment and aging. 

it is also an object of this invention to provide an aluminum/magnesium alloy capable of an increased range of 
shapes and improved dimensional stability for use in the manufacture of aluminum intensive vehicles. 

It is an ol^ect of this invention to provide improved cast products and componaits consisting of an improved alumi- 
nunriAnagnesium alloy cast members that ideally are suited for frames, subframes, and frame members in vehicle pri- 
60 mary structurea 

It is yet another object of this Invention to provkto an alloy that can be used In a variety of casting operations. Includ- 
ing sand casting, pennanent mold casting, die casting, squeeze casting, and other conparable casting processes. 



The above as well as other ok^ects of this Invention are achieved by way of the Instant invention in whfch the alloy 
composition is fonnulated to contain about 2.5 to 6.5 wt% magnesium, less than approximately 0.5 wt.% silicon, 
approximately 0.5 to 1 .4 wt% manganese, less than approximately 0.5wt% Iron, less than 0. 15 wt% titanium, the bal- 
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ance 6ubstantialy aluminum and incidental elements, and impurities. Unless incficated othenvise. all conrposition per- 
centages set forth herein are by weight This alumInum>alloy eliminates the need for post casting solution heat treat, 
quenching operations, and aging. The alloy composition of this invention is therefore ideaOy suited fior the improved post 
casting processing. i.a. the elimination of conventional high temperature solution heat treating and aging, while provid* 
ing Qh/en oompteody shaped cast products characterized by improved dimensional stability and mechanical properties. 

ogWiWI Pttcrlptlon m liMHallfio 

In accordance with this invention, the alloy composition is formulated to contain about 2.5 to 6.5 wt% magnesium, 
less than approximately 0.5 wt.% silicon, approximately 0.5 to 1 .4 wt% manganese, less than approximately 0.5wt% 
iron, less than 0. 1 5 wt.% titanium, the balar^a substantially aluminum and incidental elements arxl impurities. The alloy 
is typically solidified Into ingot-derived stock by continuous casting or semi-continuous casting Into a shape suitable Ibr 
remett for casting, which shape is typically an ingot billet. 

In connection with the present invention, aluminumAnagnesium casting alloys are understood as meaning alumi- 
num casting alloys containing magnesium as tiie main alloying element The concept of aluminunVlmagnesium casting 
aioys consequenfly also inpfies alloys containing further alloying elements, special additions, and commercial impuri- 
ties, and comprises both primary and remelted aflcys. Depending on the field of application, the magnesium content of 
alUminunVmagneslum casting alloys Is preferably between about 3.0 wt% and 4.5 wt%. 

AccorcGng to the instant invention, the aiuminumAnagnesium cast component does not require a solution heat 
treatment an aging. It has been found tiiat this aluminunVmagnesium alloy according to the instant, invention with an 
addition of manganese hias demonstrated signricant levels of strengtti and elongation for many complex structural 
applications, especially for automotive frame componenta The alloy demonstrates a high resistance to general corro- 
sion and stress corrosion. For example, corrosion testing of the instant alloy by nitric-add weight loss as a standard test 
method (ASTM Q67-93) indicated a weight loss of only approximately 11. 9 mg/cm^. Components cast from this, alloy 
demonstrate surprisingly high levels of weldabOity to comnton extrusion alloys as evidenced by the quality of the weid 
bond. It has been found that automotive frame components cast from this alloy extiibit Ngh energy absorption without 
severe fractura A sample cast product was subjected to compressive loading by means of a static axial crush test. Dur- 
ing this test a specified length of an energy absort^ing conponent is compressively loaded at a predetemiined rate cre- 
ating a final deformed component height of approximately half the orijaifial free length or less. An ideal response for 
evaluation of energy at^soibing components is stable collapse characterized by an absence of substantial fracture. 
Components of the alloy of this inveiTtion demonstrate acceptable performance with only minirhal fracturing. Moreover, 
the instant aluminunvmagnesium aDoy is environmentally friendly and is readily recyclable because it does not contam- 
inate the wrought alloy stream of recycled materials. Accordingly, there is less need to segregate cast members made 
according to the instant invention from the remainder of the recyded automobile aluminum components. 

The conrpositions of sample products cast from the alloy conposrtions of this invention are shown fri Table 1. 



Table I 





Mg 


Mn 


Fe 


Si 


71 


Sample 1 


4.65 


0.69 


0.08 


0.42 


0.03 


Sample 11 


3.47 


1.26 


0.07 


0.16 


0.03 


Sample ill 


2.88 


1.07 


0.09 


0.13 


0.02 


Sample iV 


4.85 


0.8 


0.11 


0.06 


0.015 


Sample V 


4,5 


0.6 


0.12 


0.12 


0.015 



In IWe il, the as cast samples of the alloy of this invention (1^.. I Samples) are compared to a commerdal Al-Si- 
Mg afloy with about 10 wt% SI (CbnimerciaO with a -T6 temp 

for automotive applications, the commerce Al-Si-Mg alloy i4 used fp produce a cast product that reqtjires a solution 
heat treatment and quenching operation: : ' • " 
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Table II 
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Alloy 


Casting Method 


Tenper 


TYSMPa 


(JTSMPa 


Elongation 
Percent 


Fracture Tbuolv 
nesekJAn^ 




Sample 1 


Vacuum Die Cast 




143 


237 


12.0 






Sample II 


Vacuum Die Cast 




136 


264 


25.6 


122 


10 


Sample III 


Vacuum Die Cast 




110 


229 


27.5 


215 




Sample IV 


Sand Cast 




128 


278 


21 






Sample V 


Pemianent Mold Cast 




110 


2^ 


27.7 




















IB 


Commercial Al-Si-Mg 


\^cuum Die Cast 


T6 


125 


190 


17 


104 



As can t>e appreciated, the Al-Mg alloy of the Instant invention produces a cast component that does not require 
the solution heat treat quenching, and aging of conventional A)-Si-l\Ag alloys to obtain the desired mechanical prof>er- 
20 ties and characteristics reqiired fbr many appficattons, including for example, vehicle corrponents. The alloy of this 
Invention requires no solution heat treatment /quench / aging, and thus will provide the surprising advantage of signif- 
icant cost savings through reduced capital and elinn'natton of floor space reqtdred for heat treatment equ^mient. 
recfciced heat treatment operation cost reduced part distortion, inaeased throughput and reduced waste water treat- 
ntent. 

2s Unless indicated otheiwlse, the following definitions apply herein: 
a. Percentages for a composition are on a weight ksasis (wt%). 

ftx In stating a numerical range or a mininmim or a maxmum for an el merit of a composition or other process matter 
or any other matter herein, and apart from arxl in addition to the customary rules for rbiBiding off nuniiers, such is 
so intended to specmcally designate and disclose each number, including each fraction arKj/or decimal, (i) withn and 
between the stated minimum and maximum tor a range, or (u) at and above a stated minimum, or (ra)'at and below 
a stated maximum. (For exan^le. a range of 2 to 5 dtedosee 2.0, 2.1 . 2.2. . .2.9, 3, 3.1 , 3.2. . .ahd so on, up to 5, 
Including every number and fraction or decimal therewlthin, and "up to 5" discloses 0.01. . .6.1. . .1 and soon up to 
5.) 

35 

Having described the presently preferred embodiments for an improved casting aOoy. it is to be understood that the 
invention may be othenvise embodied withon ttie scope of the appended claims. 

Claims 

40 

1 . An improved aluminum alloy for casting operations consisting essentially of about 2.5 to 6.5 wt.% magnesium, less 
than approximately 0.5 wt% silicon, approximately 0.5 to 1 A wt% manganese, less tiian approximately 0.5wt% 
iron, less than approximately 0.15 wt% titahiimfi, the balance substantially aluminum and incidental elements and 
impurities. 

46 

2. The improved aluminum alloy according to dairn 1 vvherein the alloy is preferably about 3.0 to 4.5 wt% magnesium. 

3. The improved aluminum allp/ according to claim 1 wherein the aOoy is preferably about d.7b i.i wt% manganese. 

00 4. The metfiod of producing an irnprqved cast alumlrttim alloy product comprising: providing an alloy consis^ng of 
essemially <^al)6ut 2.5 to 6.5 wt% m^ less tiian approximately 0.5 wt% 8ilicp^ 

wt% manganisise. less than approximately 0.5wt% iron, less ttian' approximately d.15^/9& titan^^^ 
substantiaDy aluminum and incidental elements and inripurities; and casting a body of said aOoy. 

55 6. The method according to dalm 4 wherein the alloy is etaouX 3.0 to 4.5 wt% magnesium. 

6. TTte meU>od according to daim 4 wherein tiie alloy is about 0.7 to 1 .2 wt% manganese. 
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7. Tho method of pnxiucinQ an improved cast aTuminum aJloy product accorcGng to daim 4 wherein the cast product 
ts a fkama member in a vehide. 

8. A product whoee production Indudes the method o« datm 4. 

9. In the production of a vehicular frame oorrponent wherein a cast componem is produced t>y one or more operations 
into said frame conrponent, the improvement wherein the production of said cast conponent Indudes: 

providing an all<^ consisting of essentially of about 2.5 to 6.5 wi% ma^esium, less than approximately 0.5 
wt% silicon, approximately 0.5 to 1.46 wt% manganese, less than approximately 0.5 wt% iron, less than 
approximately 0. 15 wt% trtaniunx the balance substantially aluminum and incidental elements and Inpurities: 
and casting said frame component fi'om said alloy. 

ia A vehicle frame comprising cast components that are Joined together or joined with wrought componerits to make 
a Urame or subframe, wtierein at least one of said cast components is an aluminum aWoy consisting essentially of 
about 2.5 to as wt% magnesium, less than approximately 0.5 wt.% sflicon, approximately 0.5 to 1 .4 wt% manga- 
nesa lass than approximately 0.5wt% irof% less than approximately 0.15 wt.% titanium, the balance substantially 
aluminum and Incidental islements and impuritle& 

11. A product whose procftiction indudes the method of daim 5. 

12. A product whose production indudes the method off daim 6. 

13. The method of produdng an Improved cast aluminum aDoy product comprising: providing an alloy consistuig of 
essentially of 3.0 to 4.5 wt.% magnesium, less than appraxlmatdy 0.5 wt.% silicon, approxvnatety 0.7 to 1^2 wt % 
manganese, less than apprcodmately 0.5 wt% iron, less than approximately 0.15 wt% titanajm. the balance sub- 
stantiaBy aluminum and incidental elements and impurities; and casting a comporrent of said alloy. 
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